Models of consumer decision making commonly incorporate reference-dependent preferences. In these models, the reference point is typically assumed to be known to the consumer. However, research on price recall and the reference formation process reveals that for most consumers the reference price is often uncertain at the time of purchase. Reference price uncertainty, which arises from price variability, creates ambiguity for the consumer about whether they are getting a good or bad deal. This paper develops a model of consumer choice in the presence of reference-dependent preferences when the reference price is uncertain. Data from three separate studies that vary the product category, use of brand names, and the way reference prices and reference price uncertainty are measured show that the new model generally better describes consumer choice than conventional discrete choice models that either ignore reference prices or treat reference prices as certain. Incorporating reference price uncertainty tends to yield own-price elasticities that are more elastic (sometimes twice as elastic) than those from more conventional reference-dependent models that treat the reference price as certain.
Introduction
Motivated in part by the work of Kahneman and Tversky (1979) and Tversy and Kahneman (1991) , models of reference-dependent preferences have become ubiquitous in the study of consumer choice. Nowhere is this more true than in the analysis of reference-prices and their influence on shopping behavior (Briesch et al., 1997; Kalyanaram and Winer 1995; Mazumdar, Raj, and Sinha, 2005; Neumann and Böckenholt, 2014; Winer 1995) . Recent empirical applications have incorporated reference price effects into models that explain travel choice (Rose and Masiero, 2010) , automobile demand (Mabit and Fosgerau, 2011) , selection of travel destination (Nicolau, 2011) , environmental valuations (Hasund et al., 2011) , and food choice (Hu et al., 2006) , among others. This literature captures the idea that consumers are loss-averse with regard to price changes; prices above a reference price signal a "bad deal" (Weaver and Frederick, 2012) , and as such, price sensitivity is more pronounced above a reference price than below.
Despite the widespread acceptance of reference-dependent models in economics, psychology, and marketing, typical approaches tend to omit a potentially important behavioral insight. Consumers are unlikely to know their reference prices with certainty. Introspectively, many shoppers can attest to having faced uncertainty over whether they are "getting a good deal". How does reference price uncertainty affect choice, and what is the consequence of ignoring this phenomenon when predicting consumer behavior? This paper addresses these questions by developing and empirically estimating a model of consumer choice in the presence of reference-dependent preferences when the reference price is uncertain.
That reference-price uncertainty has been largely overlooked is curious given several strains of literature suggesting that this feature of the decision-making process is likely to be the rule rather than the exception. First, it has commonly been assumed that reference-dependence is a result of memory-based reference prices or a result of internal reference prices measured as a function of prices previously paid (Briesch et al. 1997; Mazumdar, Raj, and Sinha, 2005) .
However, there is ample evidence suggesting that consumers are unaware of past prices paid for productseven products they just placed in their grocery cart (Dickson and Sawyer 1990; Estelami and Lehmann, 2001; Urbany and Dickson 1991; Vanhuele and Drèze 2002; Moon et al. 2006 ). Studies typically find that less than 50% of shoppers can recall the exact prices paid for products (Jensen and Grunert, 2014) . If prices previously paid are not known with any degree of accuracy, it is unlikely that reference-prices are known with certainty. Second, the growing research on the reference-point formation process (e.g., Abeler et al., 2011; Baucells, Weber, and Welfens, 2011; Ericson, and Fuster, 2011; Kőszegi and Rabin, 2006) highlights the fluidity of the reference points and emphasizes the role of expectations in determining the reference price.
Given that expectations implicitly imply underlying stochasicity, it follows that reference-points are unlikely deterministic. Finally, even in models which implicitly assume that reference prices are known by the consumer, researchers typically use household scanner data to estimate each consumer's reference price (e.g., Briesch et al., 1997; Erdem, Mayhew, and Sun, 2001; Bruno, Che, and Dutta, 2012) . The econometrically-estimated reference prices are thus projected with some level of uncertainty, which is typically ignored by analysts when fitting subsequent choice models.
Our inquiry bears some similarity with many strains of related literature. For example, some research has suggested that consumers have thresholds of price acceptance, and thus appear to utilize something like reference-price bounds, rather than a single reference price (e.g., Han, Gupta, and Lehmann, 2002; Terui and Dahana, 2006) . Ghoshal et al. (2014) argued that consumers encounter communications and brands sequentially, and a variety of prior experiences serve to create multiple reference points. There is also a rich body of research on the extent to which consumers undertake search costs to better form expectations to improve subsequent choice (e.g., De los Santos, Hortacsu and Wildenbeest, 2012; Kim, Albuquerque, and Bronnenberg, 2010; Mehta, Rajiv, Srinivasan, 2003) , findings which relate to the argument that reference price uncertainty arises from a lack of price knowledge. Related to search costs is the concept of option-values or "commitment costs", which arise when consumers have the ability to delay a purchase and are uncertain about their ability to acquire information about the good in the future (Zhao and Kling, 2004) . As discussed in the reviews of Briesch et al. (1997) and Mazumdar, Raj, and Sinha (2005) , there are a number of studies analyzing whether reference price(s) are internal (e.g., based on expectations or memories of prices previously paid) or external (e.g. based on external notions of fairness or willingness-to-pay). The model developed in this paper bears some superficial similarity to the general conceptual model derived by Kőszegi and Rabin (2006) , who consider a model with uncertainty in prices, where the reference point is stochastic and endogenously determined.
Previous research, thus, recognizes the fact that consumers face price variability (as indicated by the search cost literature), may have multiple reference points (as indicated by the literature on price acceptance thresholds), and may interpret price changes or variability as quality signals which may also affect reference points (Hardie, Johnson, and Fader, 1993) . It is not likely that any single model will unify all these strands of literature in a way that well describes all contexts, nor is it likely that all the previously discussed issues are separately identifiable (i.e., if there is absolutely no price variability, there is no need to search, and it is unlikely that internal reference prices would exist). To the extent that past prices inform current reference points, it seems reasonable to believe that previous (or currently expected) price variability is intrinsically linked to reference-price variability (or what we call reference price uncertainty).
The particular situation we aim to model is akin to shopping for a grocery item in a particular store. In such cases, prices for each brand at a given retailer (and at the time of choice) are known with certainty. Because the costs of the individual items are typically small relative to income, consumers are unlikely to (at least at the time of item choice) engage in price search across retailers. Thus, there is no uncertainty in the prices being charged for each item at the given retailer (i.e., the prices are within eyesight), and at least for known brands, it is unlikely the case that there is much of a price-quality correlation (and in our empirical analysis, prices are uncorrelated with brands). However, there might be uncertainty about prices paid in the past or charged by other retailers. In this context, most prior research has utilized consumers' expected price (or the price previously paid for the item) before they walked in the door to the retailer as the reference point. Our model expands on this idea and considers not only what price a consumer expects to be charged for an item but also about the expected variability of prices they would expect to be charged across retailers. Just as much of previous work has used the mean price expectation as the reference point, we use people's stated level of expected price variability in their market as the measure of reference price uncertainty.
The next section of the paper presents the model of reference-dependent preferences in the presence of reference-price uncertainty. The following section discusses a few issues related to the econometric estimation as a way of transitioning to the empirical analysis. The following three sections present three separate empirical studies where the new model is implemented and compared to conventional models that either ignore reference prices or assume reference-price certainty. Three separate studies are conducted to determine the generalizability of our findings and to determine how robust the results are with regard to: (i) variation in the product category, (ii) use of brand names, and (iii) the way reference prices and reference price uncertainty are measured.
All three studies are based on choice-experiments (Louviere, Hensher, and Swait, 2000) conducted among random samples of the U.S. population. We test our model in three different studies in three different product categories given that purchase frequencies and price knowledge likely varies across product categories. Study 1 involves choices between four infrequentlybought branded products (ketchup), where the mean and standard deviation of reference prices are elicited by asking respondents to state prices associated with 90% confidence intervals.
Study 2 involves choices between frequently-bought fresh milk options that vary in fat content.
The final study investigates choices between six un-branded fresh meat items and two unbranded, non-meat items selected from a grocery store for a meal; reference prices are elicited for each product as is the uncertainty in each reference-price on a simple slider scale. Adamowicz and Swait (2012) report the wide variation in repeat same-brand purchases for the products utilized in this study; 55% of consumers' milk purchases are of the same previously purchased brand whereas the only 22% of ketchup purchases meet this criterion. Most fresh beef and pork sold in grocery stores is unbranded. This variation in product category familiarity provides variation in reference price uncertainty to test the robustness of the model. The final section summarizes the findings and concludes with thoughts for future research.
Conceptual Model
Assume that individual i evaluates the desirability of a purchase option based on the product's price, , relative to some internal, subjective price reference point, , for the product.
Consumers perceive prices above the reference point (losses) differently than changes below the reference point (gains), such that an individual's utility from purchasing option j is:
where < is an indicator variable taking the value of one when prices are higher than the reference point (losses), > is an indicator variable taking the value of one when prices are lower than the reference point (gains), and and are price-sensitivity parameters, where it is assumed that < , implying that consumers are loss averse. The parameter represents an alternative-specific constant indicating the utility of option j that is unexplained by price variation, and reflects an idiosyncratic effect unobserved to the analyst.
Variations on the specification in (1) above have been explored in detail in previous demand studies, and there is ample evidence to suggest support for the reference-price model,
i.e., that ≠ (Mazumdar, Raj, and Sinha, 2005) . The key departure we take from these previous studies is the intuitive assumption that individuals are uncertain about the reference price and that, from the perspective of the individual, is a subjective random variable, as denoted by ̃ in equation (1). ̃ is assumed to be distributed according to the probability density function, ( ) and the cumulative distribution function ( ).
They key question is how individuals evaluate the desirability of a choice option when the reference price is uncertain (i.e., when consumers are unsure of whether they are getting a "good deal"). One approach is to assume consumers are risk neutral and that they evaluate the desirability of an option based on the expected utility of the option, as given by the following (the i subscript has been dropped for notational convenience):
(
The first integral is taken over all potential reference points less than the product price, in which case the shopper experiences a loss and evaluates price changes according to the parameter .
The second integral is taken over all potential reference points greater than the product price, in which case the shopper experiences a gain and evaluates price changes according to the parameter . Expanding equation (2) yields:
is the probability that the reference point is less than the observed price and that ∫ ( ) = 1 − ( ) ∞ is the probability that the reference point is greater than the observed price. If the subjective reference price distribution is Normally distributed then, ( ) = (( − ̅ )/ ) where ̅ is the mean subjective reference price (from the particular consumer's perspective), is the standard deviation of the subjective reference price (again, from the consumer's perspective), and is the standard Normal cdf. Substituting, we how have:
is the mean of the truncated distribution for r (truncated from above at p) multiplied by the probability of r being less than p. Plugging these values into equation (4), and assuming the perceived reference price is normally distributed, yields:
Slightly simplifying, equation (5) can be written as:
Equation (6) has an intuitive interpretation. To see this, (6) can be described in general terms as:
For the first part of the expression, the "loss averse" price parameter, , is multiplied by the probability that the observed price exceeds the reference point, [ < ] , which in turn is multiplied by the difference between the price of the option, , and the expected reference price
given that observed price is greater than the reference price (the mean of the reference price truncated from below at the observed price), [ | < ]. The second part of the expression analogously multiplies the "gain" price parameter, , by the difference in the observed price and expected reference point, conditional on the reference point being greater than the price. In this way, (6) and (7) can be seen as a probabilistic expression of the original formulation stated in (1).
Empirical Model and Estimation
Equation (6) forms the basis for estimation for Studies 1 and 2. In particular, equation (6) is substituted into the following random utility model (7) = [ ] + + .
Assuming are distributed iid type I extreme value, the multinomial logit specification results:
The term reflects a mean-zero, Normally distributed alternative-specific effect.
This specification is a mixed-logit, error-components model. Scarpa, Ferrini, and Willis (2005) suggest a version of this specification, where is the same for all alternatives except the status-quo (or "no purchase") option, for which there is no error component. This approach reflects a parsimonious way to accommodate differential substitution patterns among the statusquo (or "no purchase") alternative and the other alternatives in the choice set. We specify our model such that error-component is assumed to be individual-specific to account for the repeated nature of the choice data. Moreover, the specification reflects the panel nature of our data and captures some degree of respondent heterogeneity. The utility of the "no purchase" option is normalized to zero for identification purposes. The likelihood function defined by the probability statement in (8) does not have a closed form due to the presence of the random term . We integrate this term out of the likelihood function using Gaussian quadrature.
To judge the suitability of the new model specification in (6), we estimate four models that are increasing in complexity. The four models estimated are:
 Model 1: A standard approach that has single linear price effect that assumes no reference-dependence (i.e., it is assumed that = ( = ) + ).
 Model 2: A model with alternative-specific linear price effects that assumes no referencedependence (i.e., it is assumed that = ( = ) + ).
 Model 3: A reference-dependent model where reference price is assumed known with certainty (i.e., it is assumed that
 Model 4: A reference-dependent model with reference price uncertainty (i.e., it is assumed that is defined as in equation (6)).
Models are compared based on the percentage of choices correctly predicted and the AIC and BIC model selection criteria. Model 1 is a nested version of Model 2, and as such likelihood ratio tests can be used to test the null that price effects are not alternative specific. Models 3 and 4 do not nest models 1 or 2 via parametric restrictions because of the introduction of the variable ̅ , which is subtracted from .
Study 1
The first study investigates consumer demand for a relatively infrequently bought item, ketchup, for which there are well known brand names. Given that ketchup is not bought at a high frequency (only 11% of our sample report buying ketchup at least once a week) and there are relatively few repeat-brand purchases, we expected that price may not be as important a factor driving choice as is the case for other products and reference-prices are likely to be relatively uncertain.
Methods and Procedures
Study 1 utilizes data from 216 subjects, each of whom made 25 choices (for a total of 5,400 choices) between four ketchup brands (i.e., Hunt's, Heinz, Del Monte, and Red Gold). Each choice task also included a fifth "no purchase" option that indicated, "if options A, B, C, and D were all that were available I would not buy ketchup from this store. In each question, the options were offered at one of five levels ($1.50, $2.25, $3.00, $3.75, and $4.50) chosen to encompass the range of ketchup prices in major retailer supermarket outlets. Out of the 5 4 =625 different choice questions possible, we selected 25 that comprised an orthogonal fractional factorial design in which the price of each brand is uncorrelated with all other brands. The choice questions were randomly ordered across respondents. Data were collected from responses to an online questionnaire showing images of the ketchup bottles with the respective brands and prices. Participants were recruited by the online survey software provider Qualtrics and their associated partners.
After answering the choice questions, respondents' reference prices were elicited by asking, "What price would you expect a grocery store to charge for your favorite brand of a 36 ounce (oz) bottle of tomato ketchup?" This approach to eliciting the reference price presumes that expectations are the appropriate reference point (Ericson, and Fuster, 2011; Kőszegi and Rabin, 2006) and that the most recently purchased brand's price is the likely reference (Briesch et al., 1997) . Moreover, in study 1 we only asked about one reference price, and assume it is the same for all brandsan assumption generally supported by the empirical work of Briesch et al. (1997) . Responses to this question are used to specify the mean price reference point, ̅ .
To elicit uncertainty in the reference price, respondents were asked to respond to the following: "In 90% of stores I would expect to find the price of my favorite brand of a 36 ounce (oz) bottle of tomato ketchup to be no higher than . . .". Another similar question was asked except that "higher than" was replaced by "lower than". To calculate reference price uncertainty we utilize the answers to these two questions, denoted ,0.9 and ,0.1 , to back out the value that appears in equation (6). In particular, note that familiar z-score implies that at the 90 th percentile 1.282 = ( ,0.9 − ̅ )/ , such that = ( ,0.9 − ̅ )/1.282. An analogous value can be derived using the price stated for the 10 th percentile, and we take the mid-point of these two estimates to define for each person.
Additional details on the survey questions, along with descriptive statistics are provided in the appendix. 
Estimation Results and Model Comparisons

Discussion
Models 3 and 4 reveal the strong asymmetry that exists between price changes above and below the reference point. For example, according to model 4, a $1 increase in price for brand 2 reduces utility by -2.184 if the price is above the reference point (a loss) but only reduces utility by -0.482 if the price is below the reference point.
Although model 4 provides a better fit to the data, it is unclear what practical implications are implied by the model, particularly because the model coefficients appear similar for models 3 and 4. To provide insight into this issue, Table 2 reports the own-price arc-elasticities implied by each of the models. Because of the potential asymmetry in price effects implied by the reference-price models, arc-elasticities are calculated for a price increase relative to the midpoint of the prices used in the experimental design ($3) and for a price decrease relative to this mid-point (note: the mean elicited reference price was $2.62 and the median was $2.5; the mean implied standard deviation of the subjective reference price distribution was $0.46).
In the absence of the new Model 4 derived in this paper, Model 3 which assumes reference-dependent preferences but ignores uncertainty in the reference price would be the preferred specification. As such the comparison of elasticities across models 3 and 4 are most germane. Model 4 implies substantially more price sensitivity to price increases and decreases than does model 3. For example, for a price increase, the own-price elasticity of demand for brand 2 is -1.337 for Model 3 but the same value is -2.468 for Model 4, 1.84 times more elastic.
Somewhat ironically, Model 4 yields own-price elasticities that are, at least for price increases, more comparable to Models 1 and 2, which completely ignore reference-dependent preferences.
The last rows in table 2 show the effect of reducing the uncertainty in the reference price.
By definition, Models 1, 2, and 3 imply no change in probability of purchase because reference price uncertainty does not enter into these models. To simulate the effect of such a change for Model 4, each person's implied reference price uncertainty, , was reduced by 25%, and the probabilities of purchase were re-calculated. Table 2 expresses the change in market share in elasticity terms. For example, a 1% reduction in for each person results in a 0.02% increase in probability of purchasing brand 2 and a 0.025% reduction in the probability of purchasing brand 3. The effects of a change in reference price uncertainty on probabilities of purchase are small relative to own-price changes. than the other models. Over the range of prices likely to be most relevant (say from $2.50 to $3.50), demand is much more elastic for model 4 than for the other models.
Study 2
The second study moves to a more frequently bought item, milk, for which brand names are less ubiquitous in a given location and other quality factorslike fat contentare likely to be more determinative. About 64% of respondents in our sample reported buying milk at least once a
week, and as such, we expected reference price uncertainty to be lower for this product category than for ketchup.
Methods and Procedures
Study 2 utilizes data from 222 subjects, each of whom made 25 choices (for a total of 5,500 choices) between four fat-content differentiated conventional milk products commonly sold in grocery stores (skim, 1% reduced fat, 2% reduced fat, and whole) listed at different prices. In addition to these options, each choice task also included a fifth "no purchase" option. Prices of each fat option varied among five levels ($1.50, $2.25, $3.00, $3.75, or $4.50) across choice questions. As in study 1, an orthogonal fractional factorial design was generated to reduce the 5 4 =625 possible choice sets to 25 in which the price of each milk option is uncorrelated with the prices of the other three types of milk. Also, as in Study 1, the order of the choices was randomly varied across respondents. Data were collected from responses to an online questionnaire showing images of milk jugs with fat-content labels and prices. Participants were recruited by the online survey software provider Qualtrics and their associated partners.
Reference prices and reference price uncertainties were elicited in an analogous way to that described in Study 1. Additional details on the survey questions, along with descriptive statistics are provided in the appendix. Table 3 reports the estimates for each of the four models fit to the milk data. A likelihood ratio test rejects model 1 in favor of model 2 (chi-square value of 43 with 3 degrees of freedom; p-value<0.001), supporting the existence of alternative-specific price effects. All model fit criteria favor model 3 over model 2, suggesting that the reference-dependent model outperforms the specifications that ignore the reference point. As was the case with study 1, Model 4, which incorporates reference price uncertainty, is the best fitting model according to all three model fit criteria.
Estimation Results and Model Comparisons
Discussion
The estimates in table 3 again reveal a high degree of asymmetry between price changes above and below the reference point. For example, for model 4 and option 1, the degree of price sensitivity is 1.490/0.394 = 3.55 times higher for losses relative to "gains". Table 4 further illustrates the differences in practical implications implied by each model by reporting own-price arc-elasticities for price increases and decreases relative to the mid-point of the prices used in the experimental design ($3.50) (note: the mean elicited reference price was $3.11 and the median was $3; the mean implied standard deviation of the subjective reference price distribution was $0.42).
As was the case in study 1, Table 4 shows that for study 2, Model 4 implies substantially more price sensitivity to price increases and decreases than does model 3. Most notably, for a price decrease, the implied own-price elasticity of demand for option 1 was -1.753 for Model 3 but was -4.059 for Model 4. Again, Model 4, which includes reference prices and reference price uncertainty, yields own-price elasticities that are more comparable to Models 1 and 2, which completely ignore reference-dependent preferences. The last rows in table 4 show the effect of reducing the uncertainty in the reference price, and again, the effects are relatively small. Figure 2 illustrates the demand for whole milk for the four competing models. As was the case with study 1, the standard reference-dependent model (model 3), under-estimates market share relative to the other models at lower price levels. By contrast, model 4 suggests lower market share estimates than the other models at higher price levels. Over the mid-range of prices, the new model 4 implies more elastic demand that the other models, particularly model 3.
Study 3
The third study departs from the first two in several important ways. First, rather than asking about choices within a narrow product category, respondents were asked to make a main meal choice among several meat and non-meat items in a grocery setting. Second, rather than assuming a common reference price for all items, we elicit a reference price for each item.
Finally, because we hypothesized that it might be relatively difficult for respondents to state reference prices and the 90 th and 10 th percentiles, the Study 3 utilized an easy-to-answer slider scale of reference price uncertainty for each item.
Methods and Procedures
This study utilizes data from a choice-experiment conducted among 1,018 respondents, each of whom made nine choices between six meat and two non-meat items bought in a grocery store for dinner. Preceding the choice questions was the verbiage: "Imagine you are at the grocery store buying the ingredients to prepare a meal for you or your household. For each of the following nine questions that follow, please indicate which meal you would be most likely to buy."
Each of the questions was identical except that the prices varied across each question.
Each question had nine pictured options (ground beef, steak, pork chop, ham, chicken breast, chicken wing, rice and beans, pasta, and one "no purchase" option) and the price of each option was varied at three levels. The prices appearing in each choice were determined by a main effects orthogonal fractional factorial design. A perfectly orthogonal design (in which prices of each choice alternative were uncorrelated with each other alternative) required 27 choices. The 27 choices were blocked into three sets of nine, and each person was randomly assigned to one of the three blocks. The order in which the meal options appeared in the choice set was randomly varied across subjects.
Reference prices for each product were measured by asking respondents about the expected value of each product's price in their area. They were asked, "What is your best estimate of the average price that grocery stores, supermarkets, and wholesale stores charge for the following products in your area?" Following this, respondents were asked, "On a scale from 0 to 100, where 0 indicates absolute uncertainty and 100 indicates absolute certainty, how confident are you in your previous price estimate for the following products?" Respondents indicated their answers using a slider scale that ranged between 0 and 100 in increments of one.
We asked the uncertainty question in this way because we hypothesized that this question is easier for subjects to answer than asking them to state percentiles or standard deviations.
Participants were recruited by Survey Sampling International and completed an online survey hosted on Qualtrics. Additional details on the survey questions, along with descriptive statistics are provided in the appendix.
To incorporate the subjects' stated level of reference-price uncertainty into our estimated model, we specify the standard deviation in equation (6), as follows:
where is a parameter to be estimated corresponding to the standard deviation of the referenceprice distribution for good j, is individual i's stated level of certainty in the reference price for good j which is reverse coded (to convert certainty to uncertainty) and rescaled to range between 0 and 1, and where is a parameter to be estimated that translates individual-specific uncertainty, as measured on the survey, to changes in the standard deviation of the subjective reference-price distribution.
For sake of clarity, Model 4 estimated is estimated as: ) ] } + .
The data consist of the experimentally-designed prices used in the choice experiment, , and the stated means and uncertainty in the reference price, ̅ and . The estimated parameters are , , , and . Model 1 (chi-square value of 135 with 7 degrees of freedom; p-value<0.001). Thus, the data suggest alternative-specific price effects. For example, respondents are more sensitive to a change in price for ground beef (-0.718) than they are for steak (-0.405). Qualitatively, Model 3 appears to be an improvement over Model 2 as the results are consistent with loss aversion (i.e., < ) for every good, and the magnitude of the difference is pronounced. In fact, for a couple of goods (e.g., chicken breast and pasta), is not significantly different from zero, meaning people basically ignore price changes when they are below their reference point. Despite this, the AIC and BIC are higher for Model 3 than for Models 1 and 2, meaning that the reference-dependent model does not appear to fit the data as well as the more conventional specifications according to these criteria.
Estimation Results and Model Comparisons
The new specification, Model 4, has the best model fit according to percent of choices correctly predicted; however, Model 4 has higher AIC and BIC values than Model 2. For Model 4, all the parameters are positive, as expected, meaning that higher stated reference price uncertainty on the survey translated into a higher standard deviation around the reference price distribution. The estimated parameters are all positive and most are significant, meaning that there is indeed significant uncertainty in reference prices, which confirms the intuition and need for this type of model.
One curious aspect associated with model 4 is that several of the parameters are positive and statistically significant (although, they are qualitatively small). Taken literally, this would mean that people prefer paying higher prices when prices are below their reference point.
Such a finding could be rationalized if people associate low prices (prices below reference points) with signals of low quality. In study 1, quality was likely inferred from brand, and in study 2, fat-content signaled a key quality attribute; however, in study 3, all products were unbranded with regard to any quality information, raising the possibility that price was used to infer quality (Bagwell and Riordan, 1991; Milgrom and Roberts, 1986; Zeithamal, 1988) . This result could also perhaps reflect disadvantageous inequality aversion as described by Fehr and Schmidt (1999) (i.e., the buyer does not want to take advantage of a seller or to appear "cheap"). Table 6 reports own-price elasticities for the four model specifications. For price increases, we observe a similar pattern of results as in Studies 1 and 2. Model 4 yields own-price elasticities that are more elastic than those implied by Model 3 but that are more comparable to Models 1 and 2. However, for price decreases, the implied own-price elasticities were most inelastic for Model 4. The final rows in table 6 report the effect of reducing reference price uncertainty for each item (assuming all other item's reference price uncertainty remains unchanged). For each good, reducing the uncertainty around the product's reference price increases the likelihood of purchase. In general, a 1% reduction in the standard deviation of the reference price for a good translates into a 0.04% to 0.07% increase in choice probability for that good. 
Discussion
Conclusions
While models incorporating reference dependent preferences are widely used, it is typically assumed that the decision maker knows their reference points with certainty. In the case of price-based reference points, this is a tenuous assumption given that there is ample evidence that consumers are unaware of past prices paid for products, even for recently purchased products.
Consumers tend to poorly remember previously paid prices (which are often thought to form the basis for reference points). This paper introduced a new conceptual model that incorporates reference-price uncertainty into a random utility model of consumer choice and applied the model to three different studies.
The first two studies showed that that the new model uniformly outperformed models that either ignore reference prices or assumed reference prices were certain. In the third study, the new model uniformly outperformed the model assuming reference-price certainty and outperformed the models ignoring reference prices according to one out of three fit criteria.
Overall, the results from the three studies support the idea that reference-price uncertainty is an important feature of consumer choice. They also suggest that the degree of reference price uncertainty is linked to the nature of the products under evaluation (e.g., how frequently the product is being purchased by consumers).
Results from the new model yield predictions that are often starkly at odds with reference-price models that assume certainty in the reference price. In general, we tend to find that incorporating reference price uncertainty results in more elastic own-price demand elasticities than those implied by reference-price models which assume reference-price certainty.
In many cases, allowing for uncertainty more than doubles the size of the own-price elasticity.
We also tend to find, somewhat ironically, that elasticities implied from the new model are more similar to models which ignore reference prices all together than they are to models that allow reference prices but assume they are certain. This finding likely results because the new model, while allowing for asymmetric price responses above and below a reference point, essentially averages across this kink in the demand curve depending on the degree of reference price uncertainty. This leads to an "effective" demand curve that is more continuous than the sharply discontinuous demand curve implied by models that assume the reference price is known with certainty.
This research highlights a number of issues that warrant future investigation. In particular, contrasting study 3 with studies 1 and 2 suggests that the way in which reference prices and reference-price uncertainty are measured in a survey may play a role in whether reference-dependent models (with or without uncertainty) best describe choice; and at this point, it is unclear which types of questions are likely to be most appropriate. Moving beyond surveybased approaches to the analysis of scanner data, for example, presents challenges in how to measure reference-price uncertainty. There is a large literature suggesting alternative models for estimating reference prices from household scanner data. The typical approach relies on pastprices previously paid by the consumer (Briesch et al., 1997; Mazumdar, Raj and Sinha, 2005) , but it is unclear whether reference-price uncertainty should be inferred from the distribution of previously paid prices, the variance of the error term in the reference-price formation econometric model, or some other metric like the standard deviation of prices currently being paid by other consumers in the same geographic area.
Despite these challenges, developments in the literature on endogenous and expectationbased reference point formation appear promising. This paper brought the idea of stochastic reference points into a model of consumer choice, which also appears to have promise in explaining phenomena of interest to a broad array of consumer and decision researchers. a Although a price decrease was simulated, we the values are reported as negatives to reflect the more common way own-price elasticities of demand are reported. b Simulated by determining the percent change in probability of purchase for each brand induced by a 25% reduction in the standard deviation of reference price, expressed in elasticity terms (i.e., the % change in probability of purchase for a 1% reduction in reference price uncertainty). Table 5 continued on next page a Although a price decrease was simulated, we the values are reported as negatives to reflect the more common way own-price elasticities of demand are reported. b Simulated by determining the percent change in probability of purchase for each brand induced by a 25% reduction in the standard deviation of reference price for that brand, expressed in elasticity terms (i.e., the percent change in probability of purchase for a 1% reduction in reference price uncertainty)
